**Core tip:** This study investigated the levels, ratios, and clinical significance of T helper 17 (Th17) cells and regulatory T (Treg) cells in the peripheral blood of patients with autoimmune liver disease (AILD). The results suggested that an imbalance in the Th17/Treg ratio plays an important role in the pathogenesis and development of AILD. A high Th17/Treg ratio appears to predict poor short-term prognosis in patients with AILD in the active stage.

INTRODUCTION
============

Autoimmune liver disease (AILD) is a class of chronic diseases characterized by immunopathological damage to the liver. Although the causes of AILD have not been established clearly, it is thought that autoimmune diseases develop because the body's immune system targets its own autoantigens\[[@B1]\]. AILD includes autoimmune hepatitis (AIH), primary biliary cirrhosis (PBC), primary sclerosing cholangitis (PSC), and overlap syndrome (OS). T lymphocyte infiltration in the liver tissue is one of the characteristic features of AILD, suggesting that the presence of certain T lymphocyte subsets has an important relationship with the occurrence and development of AILD\[[@B2],[@B3]\]. In this study, the percentages of T helper 17 (Th17) and regulatory T (Treg) cells were measured in AILD patients in the active stage of the disease (before treatment) and during the remission stage. In addition, biochemical indices of liver function were determined in the peripheral blood of these patients to explore the significance of Th17 and Treg abnormalities in AILD pathogenesis and to assess the possibility of short-term clinical prognosis of AILD patients based on Th17 and Treg parameters during the active stage of the disease.

MATERIALS AND METHODS
=====================

Subjects
--------

Forty-two AILD patients who were admitted and diagnosed clinically in the First Affiliated Hospital of the Soochow University between June 2012 and June 2015 were selected, including 29 cases of AIH and 13 cases of PBC. AILD patients were referred to collectively as group E (experimental). Among these 42 cases, 31 cases were in the active stage (subgroup EA). In 19 patients with AILD in the active stage, liver function was restored within 3 mo of hospitalization, whereas in the 12 other cases, liver function did not return to normal or appeared to be aggravated within 3 mo of hospitalization. The remaining 11 selected patients had AILD in the remission stage (subgroup ER), and their serum transaminase and bilirubin were maintained at normal levels for at least six months following previous treatment. In addition, 11 healthy subjects were selected as the control group (group C).

Diagnostic criteria
-------------------

AIH was diagnosed according to the clinical scoring criteria for AIH as revised by the EASL clinical practice guidelines:Autoimmune hepatitis in 2015\[[@B4]\]. The diagnostic criteria for PBC followed the comment on biochemical response to ursodeoxycholic acid and long-termprognosis in primary biliary cirrhosis in 2009\[[@B5]\].

Flow cytometry
--------------

To detect Th17 cells, heparin-anticoagulated blood samples were first washed with Roswell Park Memorial Institute (RPMI)-1640 culture medium and then placed into a culture medium containing phorbol esters, ionomycin, and brefeldin (Invitrogen, Carlsbad, CA, United States) for a 5-h incubation at 37 °C. Next, the cells were labeled with CD3 and CD8 monoclonal antibodies (Beckman Coulter, Brea, CA, United States) and incubated in the dark for 20 min. After washing with phosphate-buffered saline (PBS) and fixation, the cell membranes were broken and incubated in the dark for 15 min with a monoclonal antibody against interleukin (IL)-17 (eBioscience, San Diego, CA, United States) or with IgG1κ (eBioscience) for homogenic control marking while mixing gently. After washing with PBS, the mixture was centrifuged at 200 × *g* for 5 min and the supernatant was discarded. The cell pellet was resuspended in 200 μL of PBS and analyzed for the presence of CD3^+^CD8^-^ IL-17-producing lymphocytes, *i.e*., Th17 cells.

To detect Treg cells, heparin-anticoagulated blood samples were labeled with CD4 and CD25 monoclonal antibodies (Beckman Coulter) and incubated in the dark for 20 min. After washing in PBS and fixation, the cell membranes were broken and incubated for 30 min with an enzyme-labeled anti-FOXP3 antibody or control anti-FOXP3 antibody. The mixture was washed with PBS, centrifuged, and the supernatant was discarded. The cell pellet was resuspended in 200 μL of PBS and Treg cells were detected and analyzed as CD4^+^CD25^+^FOXP3^+^ cells.

Detection of biochemical markers and specific proteins
------------------------------------------------------

The following markers of liver function were detected according to the manufacturer's instructions included with the respective kits: total bilirubin (TBIL), direct bilirubin (DBIL), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), γ-glutamyl transferase (γ-GT), and globulin (GLB).

Statistical analysis
--------------------

SPSS 20.0 statistical software was used for the statistical analyses (SPSS, Inc., Chicago, IL, United States). Normally distributed data are presented as the mean ± SD, whereas non-normally distributed data are presented as medians with the interquartile range (25^th^-75^th^ percentile). Groups with normally distributed data were compared using Student's *t*-test. Data from the groups with non-normally distributed data were compared using the Mann-Whitney *U*-test. More than two groups were compared using the Kruskal-Wallis H-test. Comparisons of group counts were carried out using the *χ*^2^ test. In all cases, differences between groups were considered significant when *P* \< 0.05.

RESULTS
=======

General information
-------------------

Among the 42 enrolled AILD patients in group E, 31 patients were in the active stage of the disease. These patients had abnormal liver function and tested positive for the presence of autoantibodies. The mean age of this patient subgroup EA was 55.03 ± 13.45 years (range 25-79 years). The other 11 patients were in the remission stage and had exhibited normal liver function for at least 6 mo after previous treatment. Subgroup ER patients also had abnormal liver function and tested positive for autoantibodies. The mean age of patients in the subgroup ER was 55.72 ± 8.95 years (range 42-66 years). The biochemical parameters of the patients from these two subgroups are shown in Table [1](#T1){ref-type="table"}. The control group comprised 11 healthy individuals with a mean age of 46.64 ± 8.71 years (range 28-59 years). There were no statistically significant differences in the age and gender proportions between the control group and two subgroups of group E (*P* \> 0.05 for all comparisons). Details regarding abnormal liver function in the patients from subgroups EA and ER are presented in Table [1](#T1){ref-type="table"}.

###### 

Liver function in group E

  **Liver function**   **Subgroup EA (*n* = 31)**   **Subgroup ER (*n* = 11)**   ***P* value**
  -------------------- ---------------------------- ---------------------------- ---------------
  TBIL (μmol/L)        133.10 (55.00, 200.20)       17.60 (12.10, 24.90)         \< 0.001
  DBIL (μmol/L)        87.20 (38.80, 151.10)        7.60 (6.20, 15.80)           \< 0.001
  ALT (U/L)            116.00 (47.00, 314.00)       28.00 (10.00, 56.00)         \< 0.001
  AST (U/L)            103.00 (76.00, 343.00)       37.00 (30.00, 51.00)         \< 0.001
  ALP (U/L)            128.00 (113.00, 173.00)      74.00 (51.00, 110.00)        0.001
  γ-GT (U/L)           160.50 (99.75, 281.00)       34.00 (16.00, 44.00)         \< 0.001
  GLB (g/L)            29.69 ± 5.70                 28.89 ± 4.35                 0.678

TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Glutamic-pyruvic transaminase; AST: Glutamic-oxaloacetic transaminase; ALP: Alkaline phosphatase; γ-GT: γ-glutamyl transferase.

In 12 AILD patients from subgroup EA, liver function was not restored during hospitalization and, in some cases, appeared to be aggravated after treatment. Worsening of symptoms was caused by co-morbid pulmonary infections or liver failure. Six of these patients were diagnosed with AIH and another six patients had PBC. Their mean age was 59.41 ± 11.62 years (range 42-77 years).

Nineteen patients from subgroup EA, including 14 cases of AIH and five cases of PBC, improved after treatment. Their mean age was 52.26 ± 14.08 years (range 25-79 years). There were no significant differences in the gender and disease type distributions, or in the mean age between these subsets (improved and unhealed) of group EA patients (*P* \> 0.05). The results of liver function analysis upon admission revealed that ALT and AST values in the treatment-resistant patients were significantly lower (*P* \< 0.05) than those in group EA patients who improved during hospitalization. The parameters of liver function recorded upon admission in all patient groups are shown in Table [2](#T2){ref-type="table"}.

###### 

On-admission liver function of the patients with different outcomes in group EA

  **Liver function**   **Unhealed group (*n* = 12)**   **Improved group (*n* = 19)**   ***P* value**
  -------------------- ------------------------------- ------------------------------- ---------------
  TBIL (μmol/L)        166.75 (112.70, 244.30)         103.10 (46.90, 175.20)          0.114
  DBIL (μmol/L)        122.0 (80.20, 122.00)           70.30 (28.80, 121.00)           0.059
  ALT (U/L)            57.50 (44.00, 106.50)           195.00 (104.00, 724.00)         0.002
  AST (U/L)            86.00 (53.50, 94.75)            151.00 (103.00, 513.00)         0.001
  ALP (U/L)            153.00 (115.00, 405.00)         121.50 (95.50, 151.25)          0.089
  γGGT (U/L)           259.00 (144.50, 370.00)         133.00 (69.75, 253.50)          0.072
  GLB (g/L)            30.16 ± 6.27                    29.48 ± 5.42                    0.756

TBIL: Total bilirubin; DBIL: Direct bilirubin; ALT: Glutamic-pyruvic transaminase; AST: Glutamic-oxaloacetic transaminase; ALP: Alkaline phosphatase; γ-GT: γ-glutamyl transferase.

Percentages of Th17 and Treg cells and Th17/Treg ratios in groups E and C
-------------------------------------------------------------------------

The median Th17 percentages in groups E and C were 0.73% (0.22%, 2.31%) and 0.23% (0.05%, 0.70%), respectively, and this difference was significant (*Z* = -3.664, *P* \< 0.01). The mean Treg percentages in groups E and C were 3.04% ± 1.10% and 4.75% ± 2.45%, respectively, and this difference was also significant (*t* = -2.255, *P* = 0.045). The median values of the Th17/Treg ratio in groups E and C were 0.23 (0.14, 0.46) and 0.07 (0.03, 0.09), respectively, and this difference was significant (*Z* = -4.014, *P* \< 0.01) (Figure [1](#F1){ref-type="fig"}), indicating that the percentage of Th17 cells in peripheral blood lymphocytes in group E patients was significantly higher than that in the healthy controls. However, because the Treg percentage in group E patients was slightly lower than that in group C individuals, the Th17/Treg ratio was significantly increased in AILD patients (Figure [1](#F1){ref-type="fig"}).

![Comparison of Th17 and Treg percentages, and the Th17/Treg ratio between group E and C. A: Percentage of Th17 in the lymphocyte subsets; B: Percentage of Tregs in the lymphocyte subsets; C: The Th17/Treg ratio.](WJG-23-3832-g001){#F1}

Percentages of Th17 and Treg cells and Th17/Treg ratios in subgroups EA and ER
------------------------------------------------------------------------------

Th17 cell percentages in subgroups EA and ER were 0.79% (0.48%, 1.20%) and 0.29% (0.22%, 0.78%), respectively (Table [3](#T3){ref-type="table"}) and this difference was significant (*Z* = -2.189, *P* = 0.029; Figure [2](#F2){ref-type="fig"}). In addition, the difference between Th17 cell percentages in subgroup EA and group C was significant (*Z* = -3.992, *P* \< 0.001), whereas the difference between these values in subgroup ER and group C was not significant (*Z* = -1.810, *P* = 0.070).

![Comparison of Th17 and Treg percentages, and Th17/Treg ratio among group EA, ER, and C. A: Percentage of Th17 in the lymphocyte subsets; B: Percentage of Tregs in the lymphocyte subsets; C: The Th17/Treg ratio.](WJG-23-3832-g002){#F2}

###### 

Expressions of Th17, Treg, Th1, and Th2 in the three groups

                  **Th17 (%)**                                        **Treg (%)**                                  **Th17/Treg**
  --------------- --------------------------------------------------- --------------------------------------------- ---------------------------------------------------
  EA (*n* = 31)   0.79 (0.48, 1.20)[1](#T3FN1){ref-type="table-fn"}   2.91 ± 1.08[1](#T3FN1){ref-type="table-fn"}   0.31 (0.18, 0.46)[1](#T3FN1){ref-type="table-fn"}
  ER (*n* = 11)   0.29 (0.22, 0.78)                                   3.38 ± 1.16                                   0.14 (0.07, 0.19)[1](#T3FN1){ref-type="table-fn"}
  C (*n* = 11)    0.27 ± 0.19                                         4.75 ± 2.45                                   0.07 (0.03, 0.09)

Statistically significant difference when compared with group C.

The relative levels of Treg cells in subgroups EA and ER were 2.91% ± 1.08% and 3.38% ± 1.16%, respectively (Table [3](#T3){ref-type="table"}) and, as in the case of Th17 cells, these values were significantly different (*t* = -1.197, *P* = 0.238; Figure [2](#F2){ref-type="fig"}). The difference between Treg frequencies in subgroup EA and group C was also statistically significant (*t* = -2.396, *P* = 0.035), whereas the difference between these parameters in subgroup ER and group C was not significant (*t* = -1.667, *P* = 0.115).

The Th17/Treg ratios in subgroups EA and ER were 0.31 (0.18, 0.46) and 0.14 (0.07, 0.19), respectively (Table [3](#T3){ref-type="table"}), and this difference was significant (*Z* = -2.560, *P* = 0.010; Figure [2](#F2){ref-type="fig"}). The difference between Th17/Treg ratios in subgroup EA and group C was also significant (*Z* = -4.220, *P* \< 0.001), as was the difference between these parameters in subgroup ER and group C (*Z* = -2.332, *P* = 0.020).

These results suggested that because the percentage of Th17 cells in subgroup EA was significantly higher than that in group C, whereas the percentage of Treg cells was significantly lower, the Th17/Treg ratio in subgroup EA patients was significantly higher than that in healthy controls. However, when AILD patients remitted after treatment, the percentage of Th17 cells and the Th17/Treg ratio in the peripheral blood were reduced significantly, although the Th17/Treg ratio in subgroup ER was still significantly higher than that in group C.

Percentages of Th17 and Treg cells and Th17/Treg ratios in unhealed and improved patients of subgroup EA
--------------------------------------------------------------------------------------------------------

The median values of the Th17 percentage in unhealed and improved patients from subgroup EA were 1.22% (0.56%, 2.18%) and 0.69% (0.42%, 0.99%), respectively.

The level of Th17 cells in the unhealed group was significantly higher than that in improved subgroup EA patients (*Z* = -1.968, *P* \< 0.05) and healthy controls (*Z* = -3.512, *P* \< 0.05). The mean values of the Treg percentage in unhealed and improved subgroup EA patients were similar (2.71% ± 0.91% and 3.04% ± 1.17%, respectively). However, only the former value was significantly lower than that in group C (*t* = -2.595, *P* \< 0.05). The median Th17/Treg ratios values in unhealed and improved patients from subgroup EA were 0.52 (0.20, 0.87) and 0.24 (0.18, 0.37), respectively. This ratio in the unhealed group was significantly higher than that in the other two groups (*Z*-values of -2.028 and -3.877, respectively, *P* \< 0.05 in both cases; Figure [3](#F3){ref-type="fig"}).

![Comparison of Th17 and Treg percentages, and the Th17/Treg ratio among the unhealed group, the improved group, and group C. A: Percentage of Th17 in the lymphocyte subsets; B: Percentage of Tregs in the lymphocyte subsets; C: The Th17/Treg ratio.](WJG-23-3832-g003){#F3}

DISCUSSION
==========

AILD is an autoimmune disease characterized by selective immunopathological damage to the liver. AIH is considered an autoimmune pathological process triggered in genetically susceptible individuals by infectious agents or drugs. At the molecular level, AILD onset is related to the production of autoantibodies and the presence of certain main histocompatibility complex alleles responsible for aberrant presentations of autoantigenic targets to T cell receptors. Anti-mitochondrial antibodies are important in PBC pathogenesis and can be detected in the serum of at least 95% of PBC patients. The corresponding antigens can be found on the apical membrane of biliary epithelial cells of PBC patients. Although AIH and PBC are two different autoimmune liver disorders, they have several characteristics in common. Both disorders are accompanied by the presence of one or more autoantibodies in the serum. Clinical manifestations of AIH and PBC are similar and are often co-morbid with symptoms of other autoimmune diseases. Females are more susceptible to AIH and PBC than males\[[@B6]\].

AIH exhibits high heterogeneity and its pathogenesis is not fully understood. However, it is still considered to be a corticosteroid-sensitive status\[[@B7]\]. Standard treatment results in remission in 60%-80% of patients; however, in 20%-40% of cases, the patient's condition fails to improve. Continuing autoimmune activity causes the onset or aggravation of cirrhosis, eventually leading to complications, liver transplantation, and often death. The autoimmune mechanisms of PBC has resulted in a variety of immunosuppressive drugs being evaluated; however, most either had no effect or exhibited high toxicity. Currently, the standard treatment is ursodeoxycholic acid (UDCA), which was shown to delay the progression of PBC in a number of randomized controlled studies\[[@B8]\]. However, liver biochemical indices are not restored to the normal range in all patients treated with UDCA. Moreover, decompensated liver disease may still occur in patients with cirrhosis or those who have progressed to cirrhosis while being treated with UDCA, and thus liver transplantation remains necessary\[[@B7]\].

Patients in subgroups EA and ER in this study were not significantly different in terms of gender, disease type, or age. Furthermore, no significant differences were noted after a 3-mo treatment between unhealed and improved patients in subgroup EA in terms of gender, age, disease type, and several biochemical parameters, such as TBIL, DBIL, ALP, γ-GT, and GLB. However, patients in the improved group exhibited significantly higher ALT and AST at admission compared with those in the unhealed group, indicating that in the active stage of AILD, there is a positive correlation between the inflammation state of the liver and the sensitivity of patients to hormonal or UDCA therapy.

Th17 cells are induced to differentiate and survive by IL-23. Th17 cells mainly secret cytokines, such as IL-17, IL-21, IL-22, IL-6, and tumor necrosis factor (TNF)-α. IL-17 can induce secretion of other inflammatory cytokines, such as IL-6 and TNF-α, and chemokines MCP-1 and MCP-2, resulting in the local infiltration of inflammatory cells and inflammatory damage to tissues and organs\[[@B9]\]. Th17-deficiency can prevent or alleviate the onset of autoimmune diseases such as autoimmune encephalomyelitis\[[@B10]\]. Additionally, IL-17 is involved in the proliferation, maturation, and chemotaxis of neutrophils and dendritic cells. In this study, the percentage of Th17 in peripheral blood lymphocytes of AILD patients was significantly higher than that in the control group subjects. This finding was consistent with findings in patients from China and other countries\[[@B11],[@B12]\]. This higher level of Th17 cells in AILD might be triggered by infection or drugs that initiate the patient's autoimmune liver cell damage. In response, the body secretes a large amount of inflammatory cytokines that induce the differentiation of Th17 cells, which, in turn, exacerbate liver inflammation. In most studies, the increased level of Th17 cells in AIH patients is related to the degree of liver inflammation and fibrosis. Harada et al\[[@B13]\] found that infiltration of Th17 cells into the impaired bile duct of PBC patients can aggravate chronic cholangitis. In the present study, the percentage of Th17 cells in the peripheral blood of AILD patients was higher than that in the control group subjects\[[@B14]\]. Moreover, these significantly higher levels of Th17 cells were observed in several subsets of AILD patients, such as in both unhealed and improved patients with active-stage AILD. This suggested that Th17 cell proliferation in AILD patients is increased, which promotes liver inflammation. Notably, the percentage of Th17 cells in the unhealed subset was significantly higher than that in the improved patients; which suggested that the high level of Th17 cells not only reflects AILD pathogenesis, but also can indicates poor short-term prognosis.

Treg cells are a class of T lymphocytes that play an important role in maintaining the immune homeostasis by maintaining tolerance against self-antigens and preventing autoimmune reactions. Expression of markers such as CD4, CD25, and FOXP3, in combination with downregulated expression of CD127, can be used to identify Treg cells. Treg cells exert their immunosuppressive effects through the following four basic mechanisms: (1) triggering apoptosis of target cells; (2) downregulating the co-stimulatory molecules CD80 and CD86, thereby preventing antigen-presenting cells from initiating an adaptive immune response\[[@B14]\]; (3) damaging metabolic pathways; and (4) secreting anti-inflammatory cytokines, such as transforming growth factor (TGF)-α, IL-10, or IL-35. In this study, the percentage of Treg cells in AILD patients was significantly lower than that in the control group. This difference was more pronounced in patients admitted with AILD in the active stage than in subjects with AILD in remission. After treatment, patients in the remission stage showed partly recovered levels of Treg cells, consistent with previously published findings\[[@B15]\]. This suggested that the disturbance in the number of Treg cells is related to the onset of AILD and that the Treg cell population can be restored partially after glucocorticoid treatment. Sasaki et al\[[@B16]\] found a significantly higher number of FOXP3^+^ cells in the liver of PBC patients than in the control group, indicating that Treg cells can aggregate at the inflamed site, reducing their level in the peripheral blood. In this study, the level of Treg cells in AILD patients was significantly lower in the peripheral blood compared with the fraction in control subjects. The difference was more obvious in patients with AILD in the active stage, whereas the Treg cell percentage in patients that healed after treatment was significantly lower than that in the control group. Therefore, Treg cells might play a protective role in the occurrence and development of AILD by restoring immune homeostasis and remitting tissue inflammation.

It has been confirmed that under normal circumstances, TGF-α induces naïve T cells to differentiate into FOXP3^+^ Treg cells, thus maintaining immune tolerance and preventing the occurrence of autoimmune diseases. When the body is infected or invaded by pathogens, the secretion of IL-6, IL-21, or other inflammatory cytokines increases; these molecules co-act with TGF-α to inhibit the differentiation of Treg cells, while promoting the differentiation of Th17 cells simultaneously. Therefore, the Th17/Treg ratio imbalance appears to mediate inflammation. Fletcher et al\[[@B17]\] confirmed that CD39^+^ Treg cells could inhibit the production of IL-17 by Th17 cells, indicating that Treg and Th17 cells can office\@igandan.comsuppress each other mutually. The percentage of Treg cells in the peripheral blood of AILD patients is lower than that in healthy subjects, and thus their inhibitory effect on Th17 cells is weaker. The latter circumstance might increase the percentage of Th17 cells in the peripheral blood, which is consistent with our results. In this study, the increase in the percentage of Th17 cells and the decrease in the percentage of Treg cells were significant in patients admitted with AILD in the active stage, whereas in patients with AILD in remission, these parameters did not differ from those in healthy control subjects. Nonetheless, the Th17/Treg ratio in patients with AILD in the remission stage was significantly higher than that in the control group. We concluded that after treatment, the production of inflammatory cytokines and, as a result, Th17 cell differentiation, in these patients was diminished. Consequently, the number of Treg cells was restored to some extent and the generation of Th17 cells was suppressed, although some Th17/Treg imbalance persisted. When the autoimmune response is re-triggered by certain factors, AILD may might re-enter the active stage from the remission stage. The Th17/Treg ratio in patients remaining unhealed was significantly higher than that in patients whose condition improved. A particularly high Th17/Treg ratio in the unhealed AILD patients might reflect the fact that these patients were still in a state of immune disorder, and the Th17/Treg imbalance likely explains their poor short-term prognosis.

In summary, an imbalanced Th17/Treg ratio might induce the onset of AILD and promotes disordered immune function in AILD patients. The Th17/Treg imbalance can be improved by pharmacological treatment; thus, therapeutics that can rectify this imbalance might be promising to cure AILD.

COMMENTS
========

Background
----------

Autoimmune liver disease (AILD) is a class of chronic diseases characterized by immunopathological damage to the liver. Although the causes of AILD have not been established clearly; generally, it is thought that autoimmune diseases develop because the body's immune system targets its own autoantigens.

Innovations and breakthroughs
-----------------------------

In this study, the percentages of T helper 17 (Th17) and regulatory T (Treg) cells were measured in AILD patients in the active stage of the disease (before treatment) and during the remission stage. In addition, biochemical indices of liver function were determined in the peripheral blood of these patients to explore the significance of Th17 and Treg abnormalities in AILD pathogenesis and to assess the possibility of short-term clinical prognosis of AILD patients based on Th17 and Treg parameters during the active stage of the disease.

Applications
------------

The Th17/Treg imbalance can be improved by pharmacological treatment; thus, therapeutics that can rectify this imbalance might be promising to cure AILD.

Peer-review
-----------

Although the role of T regs is well known, it is important that such works be published. AILDs are uncommon diseases; therefore, it is necessary that scientists from different centers report their research so that the therapeutic results improve in the future.
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